Illegal overtaking is a major contributor to traffic accidents in the Kingdom of Saudi Arabia. It is the second most frequent cause of traffic accidents after speeding, and responsible for 10% of all traffic accidents in the year 2001. This paper evaluates the extent of illegal overtaking in the study area and examines the effect of time and alignment on its frequency. The study took place in the eastern part of the Kingdom of Saudi Arabia and covered tangent sections and horizontal curves during off-peak, peak, and night-time periods. It was concluded that overtaking violations in the study area were statistically influenced by alignment and traffic volume. Overtaking along tangent sections was statistically more than that on horizontal curves. The number of overtaking vehicles in a given direction was found to proportionally increase with the traffic volume in the same direction and decrease with the traffic volume in the opposite direction. On average, the overtaking violations constituted 2.1% of the observed traffic volume (in both directions) during 98 hours of data collection in the study area.
INTRODUCTION
Traffic violation is a major contributor to traffic accidents in the Kingdom of Saudi Arabia. According to the 2001 traffic accident statistics, overspeeding and illegal overtaking were the most frequent causes of traffic accidents in the Kingdom 1 . These two traffic violations alone were responsible for 51% of all the traffic accidents in the year 2001. Nevertheless, the seriousness of illegal overtaking does not manifest itself in current traffic enforcement practices. While illegal overtaking is responsible for 10% of the traffic accidents, it is not even listed among the traffic violations (citations) in the Kingdom's traffic statistics report 1 . The most frequent traffic citations in the previous report were overspeeding, driving without a driving license and illegal parking. These three traffic violations constituted 49% of all the traffic citations for the year 2001. Consequently, traffic enforcement based on traffic citations does not reflect the magnitude of illegal overtaking.
Recent USA statistics show that "improper" overtaking was a factor in 0.9% of all traffic accidents in the year 2000 2 . This means that the rate in the Kingdom (10%) is eleven times that in the USA, which is another clear indication of the seriousness of this traffic safety problem.
The objective of this paper is to quantify the extent of illegal overtaking in the study area and to explore where and when this violation occurs most frequently.
STUDY AREA
The study was conducted in one large metropolitan area in the eastern part of the Kingdom of Saudi Arabia. The area comprises four interconnected cities, namely Dammam, Qatif, Khobar and Dhahran. All sites within this metropolitan area in which overtaking is prohibited by clear signs and/or visible lane markings, were candidates for investigation. An exhaustive search in the study area revealed that there were twenty such sites. These sites were located either on horizontal curves or along tangent sections with multi-openings. All sites were illuminated at night and had lane markings to indicate no overtaking zones.
EXPERIMENTAL DESIGN
There are a number of factors which might influence overtaking violations that are worth investigating. However, due to the limited resources of this study and the unavailability of geometry and traffic data for the area (radius of curves, speed characteristics, accident records, etc.), only time and alignment were considered in this study. Vehicle type was not introduced as a parameter in the study because it was found in a pilot study that passenger cars constituted 99.8% of all traffic in the candidate sites. Moreover, the remaining 0.2% of traffic consists primarily of light delivery trucks and mini-buses which are not very different from passenger cars in terms of operating characteristics. The time factor was expected to indirectly capture the effect of other important parameters such as visibility and trip purpose. Three time periods were studied: off-peak (12-3 PM), peak (4-6 PM) and a night-time period (6-8 PM). The off-peak period represents low traffic volume with daylight visibility. The peak period represents high traffic volume in semi-dusk conditions. The night-time period represents high traffic volume in street-illumination conditions.
Alignment is an important factor in terms of sight distance and safety. In the study area, it is usually more hazardous to commit an overtaking violation on curves than along tangent sections. Prohibiting overtaking on curves is attributed to a limited sight distance, while overtaking along tangent sections with multi-openings is prohibited in the study area to minimize conflict and friction between vehicles.
With the above hypotheses and under the constraint of the limited resources available for the study, seven locations of each alignment category were randomly selected from the twenty candidate sites. Thus, the studied sample (i.e., 14 sites) represented 70% of the twenty candidate sites. Locations within each alignment category were similar in terms of land use and street furniture. At each location, a team of two persons recorded traffic volume (both directions) and its associated number of overtaking vehicles for seven hours, covering off-peak, peak, and night-time periods in one day. Thus, a total of 98 hours of traffic observation was undertaken in this study. The same team was used throughout the study to enhance the consistency and reliability of the data. The data was collected on typical working days. Table 1 summarizes the experimental design followed in this study. A total of 42 data points were obtained by observing traffic at each location during the three time periods (i.e., 14 locations * 3 time periods). The percentage of overtaking vehicles was then calculated for each data point by dividing the number of overtaking vehicles by the total volume and multiplying the ratio by one hundred.
RESULTS
The average hourly volume in the study area ranged between 650 vph and 900 vph (both directions) as shown in Fig. 1 . During the 98 hours of data collection, a total of 77,525 vehicles were observed, out of which 1,601 vehicles performed an illegal overtaking maneuver. The percentage of overtaking vehicles for the 42 data points ranged between 0.33 and 4.34 with an average and standard deviation of 2.06 and 0.93, respectively.
The "two-way ANOVA" analysis utilized in Table  2 clearly suggests that neither the road alignment nor the time period has any effect on the percentage of overtaking vehicles at a 90% confidence level. To examine the relation between the number of overtaking vehicles and the traffic volume (both-directions), a linear regression analysis was conducted between the total volume as an independent variable (i.e., predictor) and the number of overtaking vehicles in both directions as the dependent variable. The resulting regression model is reported as model 1 in Table 3 . It should be mentioned that the intercept of the model is statistically not different from zero at the 90% confidence level, therefore the model was forced through the origin as shown in Table 3 3 .
To have a better understanding of the overtaking behavior, the observations were fragmented into number of overtaking vehicles and traffic volume per direction. : traffic volume in the same direction; c : traffic volume in the opposite direction. Notes: 1) All models are forced through origin.
2) All coefficients are significant at the 90% confidence level.
3) For model 1, overtaking and traffic volume are for both directions.
Consequently, each observation (i.e. total number of overtaking vehicles and traffic volume in both directions) is split into two observations. Each of these observations consists of the number of overtaking vehicles in one direction (y 1 ), traffic volume in the same direction (X 1 ), and traffic volume in the opposite direction (X 2 ). Traffic volumes (X 1 and X 2 ) interchange their role when related to the number of overtaking vehicles in the other direction (y 2 ) at the same location. Tables 4 and 5 show the result of "two-way ANOVA" analysis on the fragmented data. It is clear from Table 4 that alignment and time period have no effect on the number of overtaking vehicles at the 90% confidence level. However, when the number of overtaking vehicles is normalized for the volume (number of overtaking vehicles divided by the traffic volume in the same direction, reported as a percentage), alignment only becomes a significant factor as shown in Table 5 . Traffic alignment seems to explain part of the overtaking behavior when looked at in conjunction with traffic volume. Table  5 indicates that the average percentage of overtaking vehicles along a tangent section (2.3%) is higher than the percentage on curves (1.8%). This behavior is reasonable in the study area since it is more hazardous to perform overtaking maneuver on horizontal curves than on tangent sections. As mentioned earlier, prohibiting overtaking on curves is attributed to a limited sight distance, while overtaking along tangent sections with multi-openings is prohibited in the study area to minimize conflict between vehicles. Therefore, the regression analysis was repeated on the fragmented data using traffic volume in the first direction (X 1 ), number of overtaking vehicles in the opposite direction (y 2 ), and traffic volume in the opposite direction (X 2 ) to predict the number of overtaking ve- hicles in the first direction (y 1 ). All possible one-, two-, and three-variable regression models were built and investigated. Only those models which are relevant are reported in Table 3 . The possible improvement of each model due to segmentation with respect to alignment was statistically tested using the following "F" test:
Ho : no improvement by segmentation vs. H 1 : segmentation improves the fit where, SSR : residual sum of squares of the pooled model; SSR G : sum of residual sum of squares of the segmented models; k : number of parameters; NG : number of segments (2 in this study); N : total number of observations;
The statistical difference between the coefficients of the same variable in the two regression models (i.e. the two segments) was tested using the following "t" test:
H o : β 1 = β 2 vs. H 1 : β 1 ≠ β 2 where, β 1 : coefficient of a given variable X in the first model (segment); β 2 : coefficient of the same variable in the second model (segment); n 1 & n 2 : number of observations in the first and second segment, respectively; δβ 1 & δβ 2 : standard deviation of the estimate of β 1 and β 2 . All regression models in Table 3 are forced through the origin because their intercepts were statistically not different from zero at the 90% confidence level 3 . Market segmentation with respect to alignment was tried on all models of Table 3 , and found to improve the regression fit of model 3 only. The value of the "F" statistic (Equation 1) for testing possible improvement due to segmentation was 3.57, which is highly significant at the 90% confidence level. Thus, market segmentation significantly improves the fit of model 3. Furthermore, the coefficient of X 1 (traffic volume in the same direction) in the curve model (model 4) was statistically different from the coefficient of X 1 in the tangent model (model 5). The same was true for the coefficient of the traffic volume in the opposite direction (X 2 ). The "t" statistic for examining the difference between the coefficients in the two segments (Equation 2) was found to be 14.8 and 11.8 for X 1 and X 2 , respectively. These values are highly significant at the 90% confidence level and indicate a clear difference between the curve and tangent models.
It is clear from Table 3 that when one variable is used to explain the overtaking behavior, the traffic volume in the same direction of overtaking vehicles (X 1 ) is superior to the traffic volume in both directions (X). Model 2 has a higher value of R 2 and lower MSE when compared to model 1. The explanatory power of model 2 is significantly improved by introducing the traffic volume in the other direction (X 2 ) as a second variable. Model 3, which uses X 1 and X 2 , is superior in terms of R 2 and MSE when compared to model 2 and model 1.
The variable coefficients of model 3 are reasonable and indicate that the number of overtaking vehicles in a given direction proportionally increase with the traffic volume in the same direction, and decrease with the traffic volume in the opposite direction. As discussed previously, the fit of model 3 is significantly improved by segmenting it into a model for predicting overtaking on curve (model 4) and another model for predicting overtaking along tangent sections (model 5). The assumptions of normality, independence and equal variance of both models were checked graphically and seem to be reasonable. The coefficient of determination (R 2 ) and the error mean square (MSE) of these models are also reasonable. All of the above clearly indicate that the overtaking behavior can best be described by models 4 and 5.
CONCLUSIONS
The number of overtaking vehicles is affected by alignment when viewed in the perspective of traffic volume in the same direction of overtaking vehicles. The average percentage of overtaking vehicles (number of overtaking vehicles divided by traffic volume in the same direction, reported as a percentage) on curves is 1.8%, while the percentage along tangent sections is 2.3%. This behavior is expected in the study area where it is more difficult and hazardous to commit an overtaking violation on curve than along tangent section. It seems that it is hard to convince drivers not to perform an illegal overtaking maneuver along tangent sections where prohibiting overtaking is done to minimize conflict between vehicles, and not due to any limited sight distance as in the case of overtaking on curves. In both types of alignment (i.e. curve and tangents), the number of overtaking vehicles can be reasonably predicted by the traffic volume in the same direction and the traffic volume in the opposite direction as shown by model 4 and model 5. As expected, the number of overtaking vehicles is more affected by the traffic volume in the same direction than by the volume in the opposite direction. The volume in the opposite direction in both model 4 and model 5 works as a correction factor (i.e. negative coefficient) for the effect of the traffic in the same direction, which possesses a positive coefficient. It should be emphasized that the number of overtaking vehicles is not expected to increase indefinitely with traffic volume in the same direction as what both model 4 and model 5 suggest. These models are valid only for the traffic volume range studied (650-900 vph, in both directions), which is low and well below the capacity of two-lane highways. It is not expected for this relation to exist at a larger volume approaching the road capacity, where maneuverability is limited.
In general, the overtaking violations in the study area constituted 2.1% of the traffic volume (both directions). This is the average of 42 sites during 98 hours of observation, which is a high percentage and represents a serious safety problem when viewed in the perspective of the 10% of traffic accidents caused by illegal overtaking. Nevertheless, traffic enforcement in terms of traffic citations does not reflect the seriousness and magnitude of this traffic violation. Therefore, there is a clear need for more stringent traffic enforcement of overtaking violation in the study area. However, prohibiting overtaking along tangent sections should be studied carefully and must not be introduced unless engineering studies show a real need for it. The effect of introducing no passing signs in addition to no passing lane marking should be studied as a means to reduce the large overtaking violations.
